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Abstract:

Background: The most prevalent metabolic bone disease among postmenopausal women with type 2 diabetes
is osteoporosis. Even in those with normal or elevated bone mineral density (BMD), type 2 diabetes is
associated with a higher fracture incidence than the non-diabetic population. As a result, the pathophysiology of
bone fragility brought on by type 2 diabetes (T2DM) is significantly influenced by bone quality. A decline in
BMD that is below normal reference levels but not low enough to satisfy the diagnostic standards for
osteoporosis is referred to as osteopenia. BMD is diagnosed via dual-energy X-ray absorptiometry bone scans.
An ectoenzyme called bone alkaline phosphatase (BALP) is affixed to the outside of osteoblast cell membranes.
It enters the bloodstream in part. About 95% of the total ALP (TALP) activity in human serum is made up of
liver ALP and BALP.

Aims: The aim is to determine whether diabetic postmenopausal osteoporosis (diabetic PMOP) and non-diabetic
postmenopausal osteopenia have any influence on an increased risk of fracture in diabetic patients, the current
study compares the studied results of BALP, Total ALP, BMD, body mass index (BMI), and age.

Materials and Methods: We performed a cross-sectional study in Kerbala medical hospital enrolling 80
subjects, 40 PMOP with T2DM, aged between (51-75) years, and 40 postmenopausal osteopenia without
T2DM, aged between (50-74) years. All Patients had been in spontaneous menopause for at least, one year. For
each subject we measured BMI, BMD, serum BALP, total ALP and T-scor during November, 2023 to
September, 2024. Diabetic patients were collected from Al-Hassan center for Endocrinology and diabetes
mellitus and Osteoporosis center at Al- Hassan Medical City, Kerbala Health Directorates, Kerbala/ Iraq. The
mean and standard deviation of the parameters of the two groups were computed and compared by unpaired
Student's T-test. The relationship between variables was measured by Karl Pearson's correlation coefficient. A
statistical significance is set at a 5% level of significance (P < 0.05).

Result: Age and TALP were significantly higher in diabetic PMOP compared with non-diabetic osteopenia
(62.8 £ 6.8 vs. 56.4 + 7.37 year), (227.43+ 61.46 vs. 201.50 £ 41.47 U/L), P<0.05. BMI was non-significant in
diabetic PMOP compared with non-diabetic osteopenia (29+ 4.72 vs.30.34 + 4.64 kg/m?) P>0.05. BMD was
significantly lower in diabetic PMOP compared with non-diabetic osteopenia (0.72 = 0.06 vs. 0.86 + 0.04
g/cm?) P<0.05. BALP was non-significantly higher in diabetic PMOP compared with non-diabetic osteopenia
(52.33 £ 11.62 vs. 49.51 + 7.64 ng/L) P>0.05. BMD of diabetic PMOP and non-diabetic osteopenia showed a
non-significant negative correlation with BALP and TALP. T-scor was significantly lower in diabetic PMOP
compared with non-diabetic osteopenia (-3.04 = 0.45 vs. -1.64 £ 0.38) P <0.05.

Conclusions: Type 2 diabetic PMOP have BMD lower than the non-diabetic osteopenia. Low BMI in diabetic
PMOP is an indicator for osteoporosis and its related fracture. In diabetic PMOP, T-scor is only predict by high
level of BALP and TALP. Low levels of BALP and TALP are the predictors of T-scor in non-diabetic
osteopenia.
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Introduction:

With the greatest incidence rates among postmenopausal women, osteoporosis is a growing worldwide health
concern. Increased bone fragility and fracture susceptibility are the results of osteoporosis, a systemic bone
disease marked by osteopenia and altered bone microstructure (Coll, et al., 2021),(Gao, S., et al,2023).Through
the use of a particular radiological test known as bone mineral densitometry, the World Health Organization
(WHO) defines it primarily in women as "the presence of a BMD less than or equal to -2.5 standard deviations
below the average bone mass of healthy 20-year-olds." (Elonheimo, et al., 2021).The risk of osteoporosis in
women is approximately 3 times higher than in men (Noh et al, 2018),( Lorentzon, M.,et al,2022). Elderly
people's quality of life is significantly impacted by osteoporosis and fractures, which can cause significant
financial and emotional strain on patients and their family. The fundamental cause of all osteoporosis is an
imbalance between bone resorption and bone growth (Cai,Dong et al., 2021). As a direct result of this disease,
women are more likely to experience bone fractures because, when pregnant and lactating, the body attempts to
reduce the calcium stores in the bone due to dietary calcium and vitamin D deficiencies, which results in a
progressive loss of bone mass. Because of this, it appears later and more commonly in women who are
amenorrheic or post-menopausal, who also have other hormonal abnormalities that impact bone metabolism,
such as a reduction in the ovaries' synthesis of estrogens (Kim, et al, 2020),( Kuliczkowska-Plaksej, J.,et
al,2024). T2DM affects bone metabolism and strength by influencing osteoblast and osteoclast. The imbalance
between osteoblast and osteoclast might cause osteoporosis (Sassi, et al., 2018). Additionally, T2DM may alter
the quantity and quality of bone, changing the structural characteristics of bone mass. T2DM is thought to be the
cause of associated fractures because it alters bone homeostasis. The most significant predictor of osteoporotic
fractures is BMD, and the gold standard for diagnosing osteoporosis has been dual-energy X-ray absorptiometry
(DXA)-based BMD. BMD based on (DXA) is essential for managing osteoporosis and osteopenia and
evaluating fracture risk (Ferrari, et al., 2018),( Martiniakova, M.,ef al,2024). Bone metabolism in diabetes is
influenced by many factors, including depressed osteoblast activity and decreased numbers of osteoclasts “sweet
bones” as a result of abnormal insulin secretion and/or insulin action. Insulin-like growth factors and other
osteoclastogenic cytokines are also implicated (Xu, 2021). Increased osteoclastic bone resorption in women is
directly linked to the sudden drop in blood estrogen levels during menopause. In postmenopausal women, low
estrogen levels cause circulating macrophages to release osteoclastic cytokines, which in turn activate RANK
and encourage the activation of osteoclasts. Furthermore, osteoclast longevity is prolonged when the direct pro-
apoptotic actions of estrogens on osteoclasts are eliminated, which speeds up trabecular bone loss (Golden,
2020). The clinical term "osteopenia" refers to a reduction in BMD that is below normal reference values but not
low enough to satisfy the diagnostic requirements for osteoporotic status. DXA bone scans are used to diagnose
BMD. WHO defines osteopenia as a T-score between -1 and -2.5, with results below -2.5 indicating
osteoporosis(Porter, 2022). The hydrolysis of phosphate monoesters, such as inorganic pyrophosphate (PPi), is
catalyzed by the ubiquitous enzyme alkaline phosphatase (ALP), a membrane-bound glycoprotein. Bone ALP
(BALP) is a homodimer that is attached to matrix vesicles and osteoblast membranes. Soluble (anchor-free)
BALP is released into the bloodstream during phospholipase cleavage and can serve as a biomarker of bone
formation. In order for BALP to break down PPi, an inhibitor of the production of hydroxyapatite, which is
present in the extracellular matrix, it must be attached to the outside of the matrix vesicle membrane (Nizet, et
al., 2020).

With the aim to determine if diabetic postmenopausal osteoporosis and non-diabetic postmenopausal
osteopenia have any factors that enhance the risk of fractures in diabetic patients, the current study compared
BALP, Total ALP, BMD, T-scor, BMI, and age.

Materials and Methods:

This cross-sectional study was performed in Kerbala medical hospital during November,2023 to
September,2024 by enrolling totally 80 subjects, 40 PMOP with T2DM with age ranged between (51-75) years,
and 40 postmenopausal osteopenia without T2DM with age ranged between (50-74) years. All Patients had been
in spontaneous menopause for at least, two year. In each subject we measured serum BALP which determined
by Sandwich ELISA technique, serum TALP which was analyzed by chemistry analyzer smart 120T/H,
deionized water was used as a blank solution, BMI was directly measured for each patients, BMD and T-scor by
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Dual energy x-ray absorptiometry scan (DEXA) at lumbar spine regions (L1-L4 vertebrae) confirmed
postmenopausal osteoporosis were included. Diabetic patients were collected from Al-Hassan center for
Endocrinology and diabetes mellitus and Osteoporosis center at Al-Hassan Medical City, Kerbala Health
Directorates / Kerbala-Iraq. Inclusion criteria were as follows only patients with postmenopausal osteoporosis
women and age of female < 50 year and T2DM patients that have duration < 5 year were enrolled in the present
study.

Exclusion criteria were as follows individuals with a history of medication for the treatment of PMOP or
medication known to affect bone metabolism within 6 months. Patients with diseases known to affect bone
metabolisms, such as severe malabsorption syndrome, chronic liver disease, inflammatory bowel disease,
primary hyperparathyroidism that is not effectively controlled, hypercalcemia, Paget’s bone disease, active
kidney stones, osteogenesis imperfecta, and pituitary disease. Women were identified with surgical menopause,
hypertensive, hormone replacement therapy and type 1 diabetic mellitus women were excluded from the study.
Patients with secondary osteoporosis, such as rheumatoid arthritis, Patients who have continuously received
calcitonin, estrogen, corticosteroids, calcitriol, and other drugs that can change bone metabolism within 3
months. Patients with severe liver and kidney diseases, peptic ulcers, immune diseases, malignant tumors, any
type of thalassemia disease. Patients with factors that affect the measurement results of BMD, such as the
history of lumbar spine fixation surgery, ankylosing spondylitis and amputation surgery, and bone fracture were
excluded. Diagnostically confirmed cases of postmenopausal osteoporosis attending the osteoporosis unit. All
the cases were evaluated and selected by simple random technique after fulfilling the selection criteria. The
cases of osteoporosis were reported to the unit of osteoporosis. After finding the suitability as per selection
criteria, they were requested to participate in the study and briefed about the nature of the study and
interventions used. Informed consent was obtained. The consented patients were enrolled in the study. Further
descriptive data of the participants like name, age, sex, and detailed history, were obtained by interviewing the
participants and were recorded on a predesigned and pretested proforma. BMD was determined by a diagnostic
medical system Stratos Bone Densitometry equipment was designed and manufactured in France. The
instrument operation and data interpretation were made according to manufacturer instructions. The
interpretation was made according to BMD status, which was categorized as Osteoporotic (T-scor at or below -
2.5), (osteopenic T-scor between -1 and -2.5), and normal (T-scor at above -1) postmenopausal women. Height
and weight were measured at the time of DEXA measurement and body mass index (BMI) was calculated as the
weight divided by the square of the height (kg/m?).  Five ml of blood sample was obtained by venipuncture
from each patient during the morning (9-11 a.m.) and drawn into a gel tube, then allowed to stand at room
temperature till the clot was formed. The blood tube was centrifuged, and serum was separated within 2 hours
by centrifuging at 4,000 rpm for 10 min. All samples were stored in nonvacuum sterile tubes at —20 °C till
further analysis. Serum TALP, was measured by an automatic analyzer smart 120T/H, (GenoLAB Tech, USA).
Serum BALP was measured by the enzyme linked immunosorbent assay technique, PARS BIOCHEM KIT
(BIOTEK, USA). The data were analyzed by IBM Corp, and released in 2017. IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp. Mean and standard deviation of the parameters of the two
groups were computed and compared by unpaired Student's T-test. The relationship between variables was
measured by Karl Pearson's correlation coefficient. A statistical significance is set at a 5% level of significance
(P <0.05).

Results:

Bone mineral density and T-scores were evaluated in 40 types 2 diabetics’ postmenopausal osteoporosis
women and 40 non-diabetic postmenopausal osteopenia women. Table 1 shows the Mean and Standard
Deviation (SD) of Age, BMI, T-scor, BMD, BALP, and TALP. Age and Total ALP (TALP) were significantly
higher in diabetic PMOP compared with non-diabetic osteopenia. BMI was non-significant low in diabetic
PMOP compared with non-diabetic osteopenia. T-scor was significantly lower in diabetic PMOP compared with
non-diabetic osteopenia. BMD was significantly lower in diabetic PMOP compared with non-diabetic
osteopenia. Bone ALP (BALP) was non-significant higher in diabetic PMOP compared with non-diabetic
osteopenia while TALP was a significant higher in diabetic PMOP compared with non-diabetic osteopenia.
BMD of diabetic PMOP showed a significant very strong positive correlation with T-scor while BMD in non-
diabetic osteopenia showed a significant strong positive correlation with T-scor. BALP and TALP of diabetic
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PMOP and non-diabetic osteopenia showed a non-significant negative correlation with BMD. Diabetic Mellitus
duration showed a significant very strong negative correlation with BMD.

Table 1: The mean + SD of the observed parameters determined in diabetic PMOP and non-diabetic

osteopenia.
Total Diabetic PMOP Non- Diabetic
Parameters Reference N=80 N=40 Osteopenia P.Value
Range Mean £ SD Mean £+ SD N=40
Mean + SD
Age,Year | --—-- 59.6 £7.75 62.8 +6.81 56.4 +7.37 <0.0001*
BMI, kg/m? | ----- 29.66+4.7 29.0+£4.72 30.34 = 4.64 0.166
Bone Mineral | ----- 0.79 £0.09 0.72 £ 0.06 0.86 £ 0.04 <0.0001%*
Density, g/cm?
T-scor > -1 -2.34+0.82 -3.04 + 0.45 -1.64+0.38 <0.0001*
TALP. U/L 98 -279 214.45 +£53.7 22743 +£61.46 201.5+41.47 0.023*
BALP, ng/L 7.5-135 50.92 +9.88 52.33+11.62 49.51+7.64 0.180

*P<0.05 ; SD: Standard Deviation ;
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Fig 1: Correlation between BMD with TALP in diabetics PMOP.
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Table 2: Relationship between Age, T-scor, BMI, BMD, Serum BALP and TALP in postmenopausal
(diabetic Osteoporosis and non-diabetics Osteopenia).

Correlation between parameters Diabetics Osteoporosis Non-diabetics Osteopenia
r Sig. r Sig.
Age and T-scor 0.107 0.512 -0.388" 0.013
Age and BMI 0.093 0.568 -0.616™ <0.01
T-scor and BMI 0.405™ <0.01 0.488™ <0.01
T-scor and BMD 0.969™ <0.01 0.676"™ <0.01
T-scor and BALP -0.142 0.381 -0.081 0.621
T-scor and TALP -0.098 0.548 -0.335" 0.035
BMI and BMD 0.375" 0.017 0.255 0.112
BMD and BALP -0.161 0.322 -0.142 0.382
BMD and TALP -0.176 0.278 -0.218 0.176
Duration of DM and T-scor -0.820™ <0.01
Duration of DM and BMD -0.810™ <0.01

*Statistically significant at p <0.05 level (two-tailed) ; **Statistically significant at p <0.01
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Fig. 2: Correlation between BMD with TALP in non-diabetics osteopenia
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Discussion:

We showed in this study the negative effect of DM duration on the BMD, this agree with study done by
(Jang, ef al., 2018). The mean duration of diabetes among cases was 7.5 years . In diabetic PMOP, the BMD
was significantly lower as compared with non-diabetic osteopenia. A significant positive correlation was found
by others between BMD and body mass index in diabetic PMOP and a non-significant result was obtained in
non-diabetic osteopenia group (Polyzos, et al, 2021). Serum alkaline phosphatase activity levels were
significantly higher in diabetic PMOP as compared with non-diabetic osteopenia groups which also in
agreement with other study (Chen, ef al., 2017 and Lim,et al., 2020).This may be due that ALP can be drain
from osteoblast which is rich with its activity also it found in plasma membrane of the cell in the liver, intestine,
and placenta, all of which may contribute to the total amount of alkaline phosphatase (Lim,ef al., 2020). The age
was significantly higher in diabetic PMOP as compared with non-diabetic osteopenia groups which also in
agreement with other study (Wen, et al., 2021). BMI was non-significant higher in non-diabetic osteopenia
compared with diabetic PMOP groups (Wen, et al., 2021).

Moreover, several studies demonstrated the relationship between low BMI, low bone mineral density levels,
and the risk of osteoporotic fractures (Li, H. L.,2024), and some studies found that increased BMI is associated
with elevated BMD levels and a reduced risk of fractures due to osteoporosis(Chen,R., et al,2024). Further
studies are needed to explore the relationship between BMI and BMD levels, especially among older diabetic
women patients. Previous studies concluded that when BMI increases, BMD levels will also increase, which
further supports our findings (Dogan, et al., 2010),(Cao, X., et al,2023).The data of this study showed decrease
BMI and BMD in diabetic osteoporosis as compared with non-diabetic osteopenia groups and this corresponds
to the positive relationship between BMI and BMD and may be high mean of BMD and BMI in diabetic
osteoporosis patients and this confirm positive correlation between BMD and BMI. Other studies explained that
such relationship exists because heavy body weight could result in bone remodeling to compensate for the heavy
mechanical load (Kang, ef al., 2014)) Hart, N. H..et al.,2022). Another study suggested that an increased BMI
could subsequently increase the levels of leptin, which contributes to the relationship by promoting osteoblast
production and functions ( Russell, et al., 2010). In this study, a negative association was observed between the
duration of diabetes and BMD. These results were consistent with other findings performed by various
works(Kao, et al., 2003).

They demonstrated that the duration of diabetes as a risk factor for decreased BMD in T2DM subjects. However
these findings were against the observation of ( Yao, X..et al.,2020)who found no significant relationship
between BMD and the duration of diabetes. Type 2 diabetes has been recognized as an independent risk for
fragile fractures (Neglia, et al.,, 2016). The high fracture risk in T2DM patients can be induced by
hypoglycemia, muscle weakness, and chronic complications (such as retinopathy and neuropathy) which usually
happen in a patient with a longer duration of T2DM (Majumdar, et al., 2016). However, hyperglycemia should
always be kept in mind because it plays a vital role in the impaired bone metabolism in T2DM patients, leading
to reduced bone strength (Napoli, et al, 2017). Hyperglycemia causes calcium homeostasis imbalance by
inhibiting the bone formation and accelerating bone resorption. Increased osteoblast apoptosis induced by high
glucose has been demonstrated (Wu, et al., 2016).The loss of BMD in osteoporotic group was supported by the
increased activity of ALP (Macdonald, ef al., 2004).

The study showed raised levels of BALP in osteoporotic patients as compared to osteopenic group, and these
high levels may be associated with prevalent vertebral fractures and higher levels of ALP were related with
reduced T-scores which showed an imbalance between osteoblastic and osteoclastic activity shifting the
equilibrium towards increase osteoclastic activity and in diabetic groups BALP levels could increase the risk of
osteoporosis (Biver, et al., 2012 and Wen, et al., 2021). Serum ALP is a clinical marker of bone metabolism,
and its activity arises from the bone and liver. The ALP level of the diabetic osteoporosis and non-diabetic
osteopenia groups was significantly different. ALP elevation has been commonly seen in patients with bones
diseases and/or renal hyperfiltration (Oh, et al., 2015), they have been associated with diabetic patients. In
particular, renal hyperfiltration has been observed in patients with newly diagnosed type 2 diabetes (Penno, G.,
et al.,2020). However, further investigations on the causal effects of ALP level on the development of diabetes
are needed (Chen,Tsai et al, 2017). This study found that diabetics and non-diabetic groups showed a non-
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significant negative correlation between BMD and ALP. BALP is an enzyme that promotes bone mineralization
by inactivating pyrophosphate and osteopontin, which are both inhibitors of bone mineralization. ALP and
BALP measurements were widely recommended, to evaluate not only the bone mineral status disorder but also
the rate of vascular calcification (AKin, et al., 2003 ; Buchet, ez al., 2013 and Baralié, et al., 2019). Low BMD
levels in diabetic osteoporosis compared with non-diabetic osteopenia was in agreement with others (Forst,
Beyer et al., 1995 and Kwon, ef al., 1996).

Conclusions:

Type 2 diabetic PMOP has BMD lower than non-diabetic osteopenia. ALP activity level was the strongest
predictor of T-score. Elevated serum ALP levels may help in determining loss of BMD in postmenopausal
females.

Diabetic patients with low BMI and BMD possibly have a high risk of osteoporosis than those with high
BMI and BMD. All patients with diabetes should be encouraged and educated about controlling their diabetes
and maintaining normal BMI or increasing BMI for those with low BMD by having well-balanced and healthy
diets to prevent the risk of fragility fractures and osteoporosis. The BMD had a strong negative correlation with
the duration of diabetes; additional studies are warranted to understand the decreasing BMD among T2DM
patients more thoroughly to prevent fractures and their subsequent deleterious consequences on individuals with
diabetes. In diabetic group BALP, TALP levels could increase the risk of osteoporosis. There is a negative
correlation between BMD and ALP in non-diabetic osteopenia. Therefore, the measurement of ALP can provide
supplementary data as an early predictive marker for osteoporosis.

References

1.  Akin, O., Gol, K., et al. (2003). Evaluation of bone turnover in postmenopausal patients with type 2
diabetes mellitus using biochemical markers and bone mineral density measurements. Gynecological
endocrinology, 17(1) : 19-29.

2. Barali¢, M., Brkovi¢, V., et al. (2019). Dual roles of the mineral metabolism disorders biomarkers in
prevalent hemodilysis patients: in renal bone disease and in vascular calcification. Journal of Medical
Biochemistry, 38(2) : 134.

3. Biver, E., Chopin, F., et al. (2012). Bone turnover markers for osteoporotic status assessment? A systematic
review of their diagnosis value at baseline in osteoporosis. Joint Bone Spine, 79(1) : 20-25.

4. Buchet, R., Millan, J. L., et al. (2013). Multisystemic functions of alkaline phosphatases. Phosphatase
modulators, 27-51.

5. Cai, X., Dong, J., et al. (2021). Common variants in MAEA gene contributed the susceptibility to
osteoporosis in Han Chinese postmenopausal women. Journal of orthopaedic surgery and research, 16(1) :
1-7.

6. Cao, X., He, L., Sun, R., & Chen, S. (2023). Gender-specific associations between abdominal adipose mass
and bone mineral density in the middle-aged US population. BMC Musculoskeletal Disorders, 24(1), 715.

7. Chen, R., & Armamento-Villareal, R. (2024). Obesity and skeletal fragility. The Journal of Clinical
Endocrinology & Metabolism, 109(2), e466-e477.

8. Chen, S. C.-C,, Tsai, S. P., et al. (2017). Liver Fat, Hepatic Enzymes, Alkaline Phosphatase and the Risk of
Incident Type 2 Diabetes: A Prospective Study of 132,377 Adults. Scientific reports, 7(1) : 4649.

9. Coll, P. P, Phu, S,, et al. (2021). The prevention of osteoporosis and sarcopenia in older adults. Journal of
the American Geriatrics Society, 69(5) : 1388-98.

10. Dogan, A., Nakipoglu-Yiizer, G. F., et al. (2010). Is age or the body mass index (BMI) more determinant of
the bone mineral density (BMD) in geriatric women and men? Archives of gerontology and geriatrics, 51(3)
1 338-341.

http://annalsofrscb.ro 438



Annals of R.S.C.B., ISSN:1583-6258, Vol.28, Issuel, 2024 Pages: 431 - 440

Received 30 July 2024; Accepted 15 August 2024

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Elonheimo, H., Lange, R., et al. (2021). Environmental substances associated with osteoporosis—a scoping
review. International Journal of Environmental Research and Public Health, 18(2) : 738.

Ferrari, S. L., Abrahamsen, B., et al. (2018). Diagnosis and management of bone fragility in diabetes: an
emerging challenge. Osteoporosis International, 29(12) : 2585-2596.

Forst, T., Beyer, J., et al. (1995). Peripheral osteopenia in adult patients with insulin-dependent diabetes
mellitus. Diabetic Medicine, 12(10) : 874-879.

Gao, S., & Zhao, Y. (2023). Quality of life in postmenopausal women with osteoporosis: a systematic
review and meta-analysis. Quality of Life Research, 32(6), 1551-1565.

Golden, N. H. (2020). Bones and birth control in adolescent girls. Journal of Pediatric and Adolescent
Gynecology, 33(3) : 249-254.

Hart, N. H., Newton, R. U., Tan, J., Rantalainen, T., Chivers, P., Siafarikas, A., & Nimphius, S. (2020).
Biological basis of bone strength: anatomy, physiology and measurement. Journal of musculoskeletal &
neuronal interactions, 20(3), 347.

Jang, M., Kim, H., et al. (2018). Effect of duration of diabetes on bone mineral density: a population study
on East Asian males. BMC endocrine disorders, 18(1) : 1-9.

Kang, D., Liu, Z., et al. (2014). Relationship of body composition with bone mineral density in northern
Chinese men by body mass index levels. Journal of endocrinological investigation, 37(4) : 359-367.

Kao, W. L., Kammerer, C. M., et al. (2003). Type 2 diabetes is associated with increased bone mineral
density in Mexican-American women. Archives of medical research, 34(5) : 399-406.

Kim, K.T., Lee, Y.S., et al. (2020). The role of epigenomics in osteoporosis and osteoporotic vertebral
fracture. International journal of molecular sciences, 21(24) : 9455.

Kuliczkowska-Ptaksej, J., Zdrojowy-Welna, A., Jawiarczyk-Przybylowska, A., Gojny, L., & Bolanowski,
M. (2024). Diagnosis and therapeutic approach to bone health in patients with hypopituitarism. Reviews in
Endocrine and Metabolic Disorders, 25(3), 513-539.

Kwon, D. J., Kim, J. H., et al. (1996). Bone mineral density of the spine using dual energy x-ray
absorptiometry in patients with non-insulin-dependent diabetes mellitus. Journal of Obstetrics and
Gynaecology Research, 22(2) : 157-162.

Li, H. L., Shen, Y., Tan, L. H,, Fu, S. B., Guan, C. H,, Zhen, D. H., ... & Tang, X. L. (2024). Association
between BMI and osteoporotic fractures at different sites in Chinese women: a case-control retrospective
study in Changsha. BMC Musculoskeletal Disorders, 25(1), 187.

Lim, Z. W., and Chen, W.L. (2020). Exploring the association of Bone Alkaline Phosphatases And Hearing
Loss. Scientific reports, 10(1) : 4006.

Lorentzon, M., Johansson, H., Harvey, N. C., Liu, E., Vandenput, L., McCloskey, E. V., & Kanis, J. A.
(2022). Osteoporosis and fractures in women: the burden of disease. Climacteric, 25(1), 4-10.

Macdonald, H. M., New, S. A., et al. (2004). Nutritional associations with bone loss during the menopausal
transition: evidence of a beneficial effect of calcium, alcohol, and fruit and vegetable nutrients and of a
detrimental effect of fatty acids. The American journal of clinical nutrition, 79(1) : 155-165.

Majumdar, S. R., Leslie, W. D., et al. (2016). Longer duration of diabetes strongly impacts fracture risk
assessment: the Manitoba BMD cohort. The Journal of Clinical Endocrinology andMetabolism, 101(11) :
4489-4496.

Martiniakova, M., Biro, R., Penzes, N., Sarocka, A., Kovacova, V., Mondockova, V., & Omelka, R. (2024).
Links among Obesity, Type 2 Diabetes Mellitus, and Osteoporosis: Bone as a Target. International Journal
of Molecular Sciences, 25(9), 4827.

http://annalsofrscb.ro 439



Annals of R.S.C.B., ISSN:1583-6258, Vol.28, Issuel, 2024 Pages: 431 - 440

Received 30 July 2024; Accepted 15 August 2024

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

Napoli, N., Chandran, M., et al. (2017). Diabetes Working G, and IOF Bone and Diabetes Working Group.
Mechanisms of diabetes mellitus-induced bone fragility. Nat Rev Endocrinol, 13 : 208-219.

Neglia, C., Argentiero, A., et al. (2016). Diabetes and obesity as independent risk factors for osteoporosis:
updated results from the ROIS/EMEROS registry in a population of five thousand post-menopausal women
living in a region characterized by heavy environmental pressure. International Journal of Environmental
Research and Public Health, 13(11) : 1067.

Nizet, A., Cavalier, E., et al. (2020). Bone alkaline phosphatase: An important biomarker in chronic kidney
disease—mineral and bone disorder. Clinica Chimica Acta, 501 : 198-206.

Noh, J.-W., Park, H., et al. (2018). Gender differences and socioeconomic factors related to osteoporosis: a
cross-sectional analysis of nationally representative data. Journal of Women's Health, 27(2) : 196-202.

Oh, S. W.,, Han, K. H., et al. (2015). Associations between renal hyperfiltration and serum alkaline
phosphatase. PloS one, 10(4) : €0122921.

Penno, G., Orsi, E., Solini, A., Bonora, E., Fondelli, C., Trevisan, R., ... & Pugliese, G. (2020). Renal
hyperfiltration is independently associated with increased all-cause mortality in individuals with type 2
diabetes: a prospective cohort study. BMJ Open Diabetes Research and Care, 8(1), e001481.

Polyzos, S. A., Anastasilakis, A. D., et al. (2021). Postmenopausal osteoporosis coexisting with other
metabolic diseases: Treatment considerations. Maturitas, 147 : 19-25.

Porter, J. L., and Varacallo, M. (2022). Osteoporosis.

Russell, M., Mendes, N., et al. (2010). Visceral fat is a negative predictor of bone density measures in obese
adolescent girls. The Journal of Clinical Endocrinology & Metabolism, 95(3) : 1247-1255.

Sassi, F., Buondonno, I., et al. (2018). Type 2 diabetes affects bone cells precursors and bone turnover.
BMC endocrine disorders, 18(1) : 1-8.

Wen, Y., Li, H., et al. (2021). Correlation of Osteoporosis in Patients With Newly Diagnosed Type 2
Diabetes: A Retrospective Study in Chinese Population. Frontiers in Endocrinology, 12 : 531904.

Wu, M., Ai, W., et al. (2016). Bradykinin receptors and EphB2/EphrinB2 pathway in response to high
glucose-induced osteoblast dysfunction and hyperglycemia-induced bone deterioration in mice International
Journal of Molecular Medicine, 37(3) : 565-574.

Xu, Y., and Wu, Q. (2021). Trends in osteoporosis and mean bone density among type 2 diabetes patients in
the US from 2005 to 2014. Scientific reports, 11(1) : 1-9.

Yao, X., Xu, X., Jin, F., & Zhu, Z. (2020). The Correlation of Type 2 Diabetes Status with Bone Mineral
Density in Middle-Aged Adults. Diabetes, metabolic syndrome and obesity : targets and therapy, 13, 3269—
3276.

http://annalsofrscb.ro 440



